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ANL Capabilities Designed for Vehicle Systems

Analysis
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Simulation

Modeling and Simulation
(PSAT) _—

Component/System Emulation Using

Hardware-In-the-Loop (HIL)
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Forward Modeling
Q Represents Reality

Accelerator/Brake pedal

Vehicle Controller n

Controller Commands

Motor command

Component Controller
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Developed to meet the requirements of automotive
engineering throughout the development process

B Forward-looking model

B Wide range of vehicle applications from light to
heavy duty

B Unrivaled number of predefined configurations

B Easy implementation of proprietary data,
component models, control strategies or drive
cycles
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B Easy to use Graphical User Interface

B Possibility to use the control strategies for
Hardware-in-the-Loop / Software-in-the-Loop

B Designed for co-simulation environment




What i1s PSAT Used for?

m Fuel economy

m Performance

m Component technology comparison
m Transmission ratios

m Component sizing

m Control strategy development

m Drivetrain configuration comparison
m Drive cycle impact

m HIL/RCP

m Model validation

m Test data analysis
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PSAT Simulations Support R&D and
Management Decisions

W After a thorough assessment, PSAT has been selected in 2004 as
the primary vehicle model for all FreedomCAR and 21 CTP activities
by the U.S.DOE, stating that “All future code development and
enhancements for OFCVT shall focus on PSAT and PSAT-PRO”

B PSAT has been awarded a R&D100 Award
iIn 2004 represented to the 100 most
technologically significant new products
and processes introduced into the market
each year.

B PSAT has been awarded a Technology Transfer Award in 2007

B “... We need a model that’s intuitive, easy to use, and provides
accurate results. PSAT gives us that.” Randy Yost - GM Engineering Specialist




Large User Database Proof of Success
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Numerous US Companies are Using PSAT

Europe, 5

Government, 9

Company, 32

University, 36

Licenses Licenses
Location Favors Distribution
US Evenly Split

PSAT Close to
300 Users

As of August 2007

us, 318
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Different Users Have Different Needs

mValidated complete vehicle models

MFocused on fuel economy and performance
U.S.DOE . .
BEvaluate component in vehicle system context
MEvaluate fuel economy potential of future
technologies (e.g. goals)

HImplement their own models/data/controls
MAlso interested in drive quality & emissions
BNeed to have different levels of modeling
HMinterested in software architecture & post-
processing tools

Car Companies

BImplement their component model / subsystems
(reuse rest of PSAT models)

Minterested in software architecture & post-
processing tools

Suppliers




PSAT V6.2 Released in December 2007

B Main new features and improvements include:
— Enhanced GUI features including
« Ability to build trips
* New test procedures (including EPA 2011 and PHEV)
* Redesigned energy balance
* Ability to select transients

— Additional powertrain configurations (including GM 2 mode and
Lexus RX400h)

— Vehicle level control strategies
redesigned in StateFlow




PSAT Architecture Suited for Integration with
other Software

I
XML
Model h
Database |
B New Microsoft Office versm on XML HTML
B Only new tabs need to be added when integrating J

with another tool




GUI Provides Easy Access to Features

EH PSAT 6.2 - Powertirain System Analysis Toolkit
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@ 1. Wehicle | 2. Simulation Setup || 3. Reporting | 4. Run Simulstions
@ 1. Drivetrain Configuration | 2 Crivetrain Components | 3. Contraller § Strategy | 4. Transients | 5. Simulation Cutput
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=12 Convertions -~
=105 2 wheel drive
E} dim: Manual Transmission
[E,‘_I au; Automatic Transmission
I3 ot CWT: Cortinuously Variab
) 4 wheel drive
1250 Fuel Cell Only B
IC2) Electric
1220 Parsliel Hylrid =
o TR maie o e e e 1 e il —
< I >
Cptions
Generatar
|:| Powver Converter ba P
I l -
Startas Engine i, Cluteh Gaarbox Diffarantial Whas Vahicha
Battery Genarater ﬂ‘:,'ﬂ',',',f.
R
Electrical
Aocessary

A

Argonne

NATIONAL LABORATORY




A Single Tool Throughout the Development Process

Build and compare Easy selection of data,
large number of models, control
powertrain strategies Qr drive cycles Run batch mode

configurations

3 ittt PP (PN A e e e T

== Analyze and
- compare test and
” simulation data

Ensure simulation
traceability

I Use models and

Easy implementation
y 1mp Ensure model

of data, models, controls for HIL/RCP
control strategies

compatibilities




Large Number of Configurations Achieved
Through Automatic Building

Option #1
Drag & Drop

m.»%»ﬁ»ﬁ

Option #2

Save Entire Vehicles

Solution

Build
model
based on
users
choices
using
add_block
&
add_line
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Generic Power Controller Organization

A generic organization common to all powertrains

Accelerator
pedal D
= Commands
M
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Constraint Block In Simulink

param_hus_in param_hus_out

dm_hus_in pte_bus_out

c=tr_eng cetr_ess cstr_mc

What can | do?

A
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Demand Block In Simulink

e
L

param_hus_out

param_hus_in

@ »
pte_bus_in [pte_eng_on_dmd_simu] n e
pte_eng_on_dmd_simuZbus
[pte_eng_trq_dmd_simu] pte_eng_trq_dmd_simuZbus > pte_bus_out
[pte_geo_tra_dmd_simu] pte_ge_trg_dmd_simuZbus > > - N
ptc_wh_trq_brake_dmd_siEl.ﬂ} p‘l:-::_u.lh_tr\q_blal-:e_t:lmt:l_simuEbl.ls=
[pte_gb_gear_dmd_simu] pte_gb_gear_dmd_simuZbus > i
muz_dmd
P pte_bus_in
e {param_bus_in
demands e propirmands ] strategy
W ptc_p_bus_in L gl pte_bus _in ! [ptc_eng_on_dmd_simu]
P_COM_GOnse ! [ptc_eng_trg_dmd_simu]
info dmd ! [pte_ge_trg_dmd_simu]
efparam_bus_in to wh_trg_brake_dmd_simu
demands e regen_in info dmd Jjinfo_dmd Tpte_gb_gear_dmd_simu]
Je{ptc_p_bus_in demusx_dmd
b_conw key_on
propel_braks
—pe{param_bus_in
demands P zhifting
Je{pte_bus_in
s sH_au_weh_acoel_speed

What do | want to do? L.
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Transient Block In Simulink

param_bus_in param_bus_out

pte_bus_in pte_bus_out

How do | do 1t?




Different Models for Different Simulations

Fuel Cell System Efficiency (%)

0 "-rL""' """ = il =) T T T T
a 10 20 30 40 50 &0 7o

Power Demand (kW)




Examples of High-fidelity Models Integration

_ : . I 2
Transient, thermodynamic, physically-based, o e
crank-angle resolved, turbocharged, . S- A
intercooled diesel engine. §os{ imni i
i A
- 2 7y _.'_:"I
£ ol
S sy
1.5 A _;—g:f
==
2‘ : Turb?ne Ct:lE'ec'.e:IEM asszl:lglnwzpfa te [Iall:ll:.:'rrin]
350 8 22 The battery model developed at the Penn State GATE
wde WeFCs | . Center is a thermal-electrochemical coupled model
Y RO constructed on computational fluid dynamics.
O¥49——— e e
0 10 2 30 40 50 60 DST at 3.0 kW Peak Power and Ambient Temperature
FCS Net Power, kWe 15 r . r r r T T
Transient, thermodynamic, physically- ‘
based, fuel cell models with Argonne, BN i R R Y TR
based on GCtool g | ]
S 10

Time, min

A
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Model Complexity Selection Facilitated by
Generic Component Model Format

Models follow Bond Graph principle

Consistent input/output nomenclature

Plug-and-play component models

Configuration easy to visualize in block diagram code

Command from Information
Controller to Controller
Mechanical Component
Effort = Torque
Flow = Speed
Effort —=»{ COmMponent s Effort Electrical Component
Flow l Model Elow Effort = Voltage
Flow = Current




Nomenclature Allows Intuitive Parameter
Understanding

« Based on three parts:
 Type of component (e.g.: eng = engine)
 Type of data (e.g.: trq = torque)
 Complement of information (e.g.: max = maximum)

« All the model parameters and variables are composed using these
three parts

Parameter Type of component Type of data #1 Type of data #2
eng_spd_out_simu "eng" for engine "spd" for speed “out” for output
mc_volt_in_simu "mc" for motor controller "volt" for voltage “in” for input
ptc_eng_trq_max_simu Engine information used in the controller ("ptc") "trq" for torque "ma>_<" for

maximum




Information Bus Automatically Created

e L8 e finin Fyma Dk ok
O FRS P RESE

21 Block Parameters: eng spd_simu

Jp— Selector

L i Select or reorder zpecified elements of an input vector or matris,
-l == If "Uze index az starting walue' option iz not checked
B = 1 = ulelements] for wector input
- ¥ = ufrows,columns] for matris input

== hinte Otherwize

.+ a— ¥ = ufelement; element+outdim-1] for vectar input

W= ulrowrow-+outdin[1]-1. colurmn: columnoutdinn[(2]-1] for matris input

where outdim iz the value specified in the "Output port dimensions" parameter.
The zource of element (E] or row [R] and column [C] indices may be
the block's dialag (internal] or an input part [extermal].

Farameters

Input type: | Yector

Index mode | Dne-based

Ll Lef Lo

Source of element indices (E]: | Irternal

Elements [-1 for all elements];

|nb.eng_spd_out_simu

Input port width:
&ng_on_simuZbus | puit_varisbles

™ Use index as starting value

eng_cmd_simuZbus

T —T : (H].4 Cancel | Help | Apply |
info
: ) eng speed
eng_stat_simuZbus param_hbus_in
mux_eang

Name of the line =>
“name_parameter” 2bus

Argonne
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Run Batch Mode & Ensure Simulation Traceability

B Several simulations can be successively run to:
— Perform parametric studies
— Evaluate different drive cycles
— Compare different powertrain configurations
— Evaluate component technologies and sizing...

M Traceability is insured by saving several files, including:
— MAT-file with initial parameters and simulation results
— M-file used to rerun the exact simulation
— .Xls file used to compile all results from same study




User Interface Allows Faster Post-processing
Analysis

BB PSAT 6.2 - Powertrain System Analysis Toolkit
File Simulation Setup  PSAT-PRO Units  Matlab  Help

Simulstion | kmport Dete | | @ Data Analysis | |2) - Aronnc e

Load Resultts Select Resufts: Selected Result Set: Dretails:
From Simulation Simulation # 1 (Load) Iarme Simulation # 1 (Load) Syatem Efficiency %
Configuration Cony _Zwwi_au Fuel Eco. Gas Equiv. 354079 milefga...
EramAlst Stratey build: p_cony + b_cony + s_stf_au_eng_veh_spd_accel_.. || Elec. Consumgtion -5.5511 Whikm
|:| Compare Mode Simulation Setup UDDS S00C Init 61 )
Drata File Clpsat_cacwsersigoadisave _simuvcony_2ved_au_UDD... S0C Final E9.502 ]
Open Report Resuts Interval 0 1369
,-—"f' \'V'\\ [dry_lin_spd_dmd (Simulstion # 13 [mile] i 'E H start ]
Endl 1369
. Lo ~

m) N L A A AN A A A

| ’ .
A T A WERUAN TR N AR WAVAY FERR YRR LA NN R YA
|F L oy vyl /R AT Y lf'@@ﬂu
Ti\.ssumptinns Main Results Full Re=ults @ Data & Graphics Energy Balance -
.Variable Lizt @ X Plots |Predefined Plot

E:a:fst.&ﬁer‘treatmem Nzla Bt 2l 2edd ol

(4] Final Drive

(] Gearhox drlu_lin_spd_dmd (Simulatliom) [mileh] R x 1

E9] Generator weh_pur_in (Simulation1? [on] i 1

Mechanical Accessory

[E] energy

[F] force

l.‘"_'J grouped

[=] lin

[M] mess 43095

= W:[%W . I o 200 400 B0 500 1000 1200

| weh_pwer_in _ —

[P] veh_provr_loss Clear x time Simulation ~ i 8

[F: weh_jmner_out w

ﬁ f:»zs; Coupling: Generatar "nl ! n }(\{\W /ﬁ'ﬂﬁ fq\ ﬂ o r"}l iyl
=[] wehicle \ \ ‘ k
V i

I et
-

g

!

A
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Test Data Post-processing Automated

R PSAT 6.2 - Powertrain System Analysis Toolkit
File Simulation Setup  P3SAT-PRO Units  Matlab  Help

Simulstion | | @ Import Data | Data Analysis | [9) - J—

[ |zl ProjectFile:

Cnnfigurationl @ Setup |Run

@ Converszion | Export

D ata File: projects\Prius_MY04'60509007 _UDDS_Sample_data'60509007 _UDDSdata.txt File Date: 3/2272007
Yariable List Yariable Mame Uit Lenoth
Dil&ir # ||| Pedal_Force_Brake_1Ch16 b=
PR |l Pedal_BrakeStroke_3Cha %
Eng ol Pedal_AccelPos_3Ch11 ]
MOTORT
Pedal
Brake >~
Load &l Dets Load “ariahle List
Wariakle MName Lnit Unit Carersion PSAT Compaonert PSAT Watiakle Name PSAT Unit A
THC mifs Mo Unit Corrversion
THC_dil ppm Mo Unit Corrversion
Time = Mo Unit Conversion
Tire_Temp F Mo Unit Conrversion

Wehicle Speed flo Unit Con ion
“H W Mo Unit Corversion
WL W Mo Unit Corversion
WaY_CanisterClozed_3Ch1sa valts Mo Unit Conversion L3
Wheel_Spd_1Ch12 rpm Mo Unit Conrversion b
< | &
Eemaove all Eemove Selected Variahles Eemove Conversion for Selected Variables
jlﬂ Template File: Apply Template Load Warishles in Matlak
Prewvigw
,me\ | enicle Speed (MPH) [ ele VT
Start 0 0.00244
A e et End | 13725 | 0.00308

P A U A N A LV e Vo W A = T A W o WY 0 P
r SANAWATAY o e 2 T ooozas
! L 7 S AR Y IR WA N 20 V0 1

A
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Proprietary Information Are Added Without Code
Modification

EAPSAT 6.2 - Powertrain System Analysis Toolkit

Menu used to change the units, the
PSAT-PRO Units  Matlab  Help . .
Gerings.. s |3 configurations, components and

Confiqurations. ..

FIERL e S— controllers compatibilities

@ 1. Vehicle antrallers. .. porting || 4. Run Sin

- T Cycles... =

@ 1. Drivetrain ¥ ] Companents || 3
Transients., ..

CONTIGUFSTION CanigL,"

[ Conventional

&= PSAT Setup =)
Options | Model / Technology Description 1
Units =) Engine model based on hot steady-state maps
[ Configuratiors & map_hot_comected
= Campanents - map_hat_and_cold e
- Electrical Accessory [#- equation_high_fidelity_Assanis Configuration |Eompatib\|ity | Related Files|
i Mechanical Accessory & map_3Dthermal_WALED 5
- T Configuration for which the Model is usable
- Engine - map_haot_dual fuel =
- ClutchT orque Corverter - G 3 Conventional

£ [] Fuel Cell Only
&[] Eleatric
Parallel Hybrid

+ Erergy Storage
- Exhaust Aftertreatment

i Final Drive : )
Fuel Cell Series Engine Hybrid
; Generatar (- [[] Series Fuel Cell Hybrid
- Maotor Split
Diriver (- [¥] Series-Parallel
- Starter

i Power Converter
- Torque Coupling
o Transfer Case
i Gearbox
Vehicle
- Wheel dxle
- Hudraulic Energy Storage
- Hydraulic &ccessony
+ Hydraulic Motor
Steam System
- Controllers
Cycles
[ Trangients

| Model
Technalagy

Add... Remove
Add... Remove

<< Cancel Help Save >>

A
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Add/Remove Model

= PSAT Setup

Optionz

todel / Technology

Description

Units

- Configurations

= Components

- Electrical Accezzon
Mechanical docezsoy
Engine
Clutchy/Torgue Corveerter
Energy Storage
Exhaust Aftertreatment
Final Drive
Fuel Cell
Generator
M ator
Diriver
Starter
Fower Corverter
Torgue Coupling
Transfer Case
Gearbox
Yehicle
Wheel Axle
Hydraulic Energy Storage
Hydraulic Accessony
Hydraulic Matar

i Stearn System

[ Contrallers

Cycles
- Transients

= map_hat Spark ignition - gazoline
i si
ci Engisa
rng | Canfiguration | Compatibilty | Related Files |
;E Compatibility with other Componentz Model ¢ Technology
(- map_hot_comected %} Electi o 2
[ map_hot_and_cold [# [¢] Mechanical Accessony
(- equation_high_fidelity_&ssanis 'f;
[ map_30thermal WVALED [# [#] Clutch/T orque Corvverter
E:El map_hot_dual_fuel & [v] Energy Storage
i GM ——
Loak in; |&}engine V| O 2 -
Y lib_eng_equation_high_fidelity _Assanis
{ 2} Iib_eng_GM
iy Recent [:1 b_eng_map_30thermal_WALED
Documents lib_eng_map_hot
= | ib_eng_map_hot_and_cald
[ lib_eng_map_hot_corrected
Desktop ] b_eng_map_hot_dual_fusl
lib_eng_map_hot_emissions_ORML
- lib_eng_neuralnet_ARL
by Documents
by Computer
L File hare: | Vl [ Open l
My Metwork | Files of type: | Model fle ib_eng_*.md) v| [ concel |
' Model Add.. Blemove
 Technalagy . Remowe
=< Cancel Help Save ==

A
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Flexible and Reusable Tools Ensure
Resource Leverage

B Maximize Flexibility
— Powertrain build automatically

— Proprietary data set, component models and control strategies
implemented without code modification

— Level of modeling can be selected
— Intuitive Graphical User Interface
B Maximize Reusability
— Generic component model format
— Avoid component model duplication by creating copied version using API
— No Masks are used to avoid several evaluations of the same files

— Control strategy organization allows reuse of parts of the control for several
powertrain configurations

— Naming nomenclature allows use of generic post-processing
— Functions are used whenever possible




PSAT Is Flexible & Reusable

B Drivetrains constructed from user choices

BNumerous configurations can be explored(>150:
conventional, parallel, series, power split...)

MSeveral strategies can be compared within the same
model using switches

BCan add new component data, models and control
BModel format is generic (3 inputs / 3 outputs)

BMultiple uses of same model possible

mSoftware is highly parameterized




PSAT Is User-Friendly

BEasy integration of initialization files, component models or
control strategies through its Graphical User Interface

MEasy comparison of different levels of model sophistication
and control strategies

BMPost simulation analysis is enhanced through use of a
voltage bus for more realistic transient behavior

PSAT has been designed to take transients into account
and handle different levels of modeling detail ... allowing
the user to match the level of sophistication with the

application.




QOutline

B ANL Philosophy

B PSAT Overview

B Example of Studies
B Perspectives




GPRA & MultiPath Studies

B Objective:

Evaluate fuel displacement impact of DOE activities
B Results:

— Simulated > 700 vehicles in GPRA, > 400 in Multipath

— Introduced risk analysis to evaluate uncertainty (low, medium, high)
B Future GPRA/Multipath Studies

— Continue to refine assumptions

— Perform Monte-Carlo analysis (similar to GREET)

_ 3 Vehicle Platforms 3 Engine Technologies
4 Timeframes §. 1 (2 in Multipath)
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Fuel Consumption Sensitivity

M Project Description / Objectives

— Understand the fuel consumption sensitivity of conventional and HEV for different
driving cycles (e.g. differences between EPA and real world driving)

— Reuvisit the initial study based on vehicle test data (but limited sensors) to gain further
insight.

B Accomplishments
— Validation of fuel consumption trends
between test and simulation
— Deeper analysis of Focus and Prius

— Engine efficiency is the main factor
followed by usable and regenerative

energy
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Collaboration with EPA Provides MOVES Inputs%

B EPA licensed PSAT and was trained . e s

B Study focused on using PSAT instead B
of PERE (backward model) for ST S
increased accuracy T O

B PSAT was modified to be able to . IR O
directly provide inputs to MOVES N R

B Several vehicle platforms and PR A A A e
configurations were modeled for

different timeframes
A Next Generation Modeling Framework

B Results were presented at SAE for Well-To-Wheel Analysis of
Government/Indu stry me etin g Hydrogen Fuel Cell Vehicle Scenarios
B In FYO06, the error from the Binning i 0
methodology will be evaluated ——
Transportaion & Alr Quallty Transportation Technology R&D Center

A

Argonne

BORATORY
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Evaluation of MOVES Fuel Economy Uncertainties

M Project Description / Objectives
— Evaluate the error introduced by the binary approach used in MOVES

- CO”aborat|0n Wlth EPA Source Bin: Gasoline / 86-90 MY / 2.0-2.5 liter
[ #2501-3000 Ibs W3501.40001bs |
. 120.0 |
B Accomplishments - Em 7 | B
— Implement the methodology in PSAT 2 %001 it ) )
— Validate the approach with 7 AR R -
. ; S 40.0 . \ [m* *
conventional vehicles 2 o N
20.0 1 * | |
— Assess impact on HEVs (both, ICE oo ' N I
and fuel cell) ST ELFPI I LS PI S OIS
VSP (KW/tonne; )

A

Argonne

Japan1015 UDDS | HWFET LA92 NEDC US06
EPA MOVES 76.5 75.3 69.9 54.2 55.5 514
PSAT 74.8 73.0 65.6 58.5 59.8 45.3
Difference 1.7 23 4.3 4.3 4.3 6.1
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Integration of ORNL Automotive System ot
Cost Model (ASCM) in PSAT

2 -5 April 2005

M Integrated tools will allow DOE to perform trade-off studies between fuel
economy and cost for advanced vehicles.

B Based on FreedomCAR goals, fuel cell vehicles will be competitive from a
cost point of view.

B For slow technology development, diesel hybrids offer an interesting solution.
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Collaboration with CATARC Mitigates Global
Petroleum Concerns CATARC

B China Automotive Technology and Research
Center (CATARC) signed a Memorandum of
understanding in March 2004 with Argonne

B Two engineers from CATARC were trained at
ANL for 3 months on PSAT.

B A common paper will be published assessing
the impact of several advanced vehicle
configurations for China from a total cycle
prospective.

B Following the study, PSAT was licensed to
CATARC in April 2005.

B A PSAT training for Chinese Automakers and
researchers working with CATARC is
scheduled for FY06




PSAT Simulations Support DOE R&D Activities

B Vehicle Mass Elasticity Analysis - Support for Ro Sullivan
Goal: Are advanced vehicles more sensitive to mass than conventional?
Results:

(1) The mass reduction benefits hybrids more than non-hybrid vehicles when
they are not resized for performances

(2) The mass reduction benefits non-hybrid more than hybrid vehicles when
they are resized for performances
B Rule of thumb for Fuel Economy sensitivity to mass, drag coefficient and
rolling resistance — Support for Phil Paterson & Ken Howden
Goal: How much does the fuel economy change as a function of a parameter?
Results:

10% Mass changes fuel economy by 4 to 6%.

10% Cd changes fuel economy by 1.5 to 2%

10% Rolling changes fuel economy by 1.5 to 2%

Values for other percentage changes were also provided.




PSAT Simulations Support DOE R&D Activities

H2 B Combining H2 ICE and Fuel Cell for Propulsion - Support for Sig Gronich
Goal: Can we increase FE and range by combining H2 ICE and Fuel Cell?
Results:

(1) The addition of fuel cell (even with low power) allows both fuel economy and
range increases.

(2) Adding a 10kW fuel cell to parallel HEV system increases the range by more
than 20% and 30% for a 20kW fuel cell.

(3) 20kW fuel cell achieves similar fuel economy as fuel cell HEV.
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PSAT Simulations Support DOE R&D Activities

B Advanced Vehicles Fuel Economy for GREET 1.7 and GPRA —
Support for Michael Wang & Phil Paterson

Goal: What is the fuel economy of advanced vehicles (ICE HEVs and fuel
cell) for several vehicle platforms and timeframes?

Results:
(1) Fuel economy values implemented in GREET 1.7.
(2) First round for GPRA performed in July.

H2 B Future Technology Evaluation — Support for Fred Joseck

Goal: What is the fuel economy ratio of advanced vehicles (ICE HEVs and fuel
cell) for several vehicle platforms and timeframes?

Results:
(1) More than 100 vehicles were defined with slow and fast technology cases

(2) Fuel economy ratios were provided for compact, midsize and SUV for several
timeframes (2010, 2020, 2035, 2050)




Implication of Achieving FreedomCAR Goals for Fuel o

Economy and Well-to-Wheels Green House Gas e
Emissions
GREET PSAT
Up stream: *Numerous Configurations
Fuel Production *More Detailed Components
Distribution *More Complex Control Strategies
Well to Pump Pump to Wheels

B Hydrogen ICE hybrids offer a near-term solution to accelerate the development

of a hydrogen infrastructure
B To compete with diesel hybrids, a cost-effective renewable energy pathway for

hydrogen production needs to be considered for long-term applications.
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Students Used PSAT in Challenge X @@E

as a Design Tool

B cX teams have completed a powertrain selection process

B PSAT was used for:

— Comparison of dozens of powertrain
configurations and components to
meet the competition goals.

— Component sizing.

— Development of specific control
strategies for the powertrain
architectures.

— Control components in real time.

‘ Successful selection and development of powertrain
within the time frame considered made possible
through flexibility and reusability process
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PSAT Ensures Synergy Of Programs
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Summary / Perspectives

B PSAT is a state-of-the-art powertrain modeling tools
allowing users to simulate unrivaled number of pre-
defined configuration

B PSAT has been developed for external users and
development emphasized on easy integration of
Initialization files, component models and control strategy
Integration

B PSAT simulates transients and allows realistic control
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